Wastewater of livestock slaughterhouses is being considered as a source of antimicrobial-24 resistant bacteria with clinical relevance and may thus be important for their 25 dissemination into the environment. To get an overview on their occurrence and 26 characteristics, we have investigated process water (n=50) from delivery and unclean 27 areas as well as wastewater (n=32) from in-house wastewater treatment plants of two 28
Importance 49
Bacteria from livestock may be opportunistic pathogens and carriers of clinically relevant 50 resistance genes, as many antimicrobials are used both in veterinary and human medicine. 51
They may be released into the environment from wastewater treatment plants (WWTPs) 52 that are influenced by wastewater from slaughterhouses, thereby endangering public 53 health. Moreover, process water that accumulates during slaughtering of poultry is an 54 important reservoir for livestock-associated multidrug-resistant bacteria and may serve as 55 a transmission vector to occupationally exposed slaughterhouse employees. Mitigation 56 solutions aiming at the reduction of the bacterial discharge into the production water 57 circuit as well as intervention of their further transmission and dissemination need to be 58 elaborated. Furthermore, the efficacy of in-house WWTPs needs to be questioned. 59 Introduction 7 extremely drug-resistant bacteria (XDR) in communal, clinical and urban German 108 wastewater (20, 45) . 109
The objective of the present study was to evaluate the occurrence and diversity of 110 ESKAPE-bacteria and E. coli along different slaughtering steps of two German poultry 111 slaughterhouses. For this purpose, process water from washing of poultry transport trucks 112 and vehicles, stunning facilities, scalding and eviscerating as well as wastewater effluents 113 of the in-house wastewater treatment plants were subjected to bacteria specific isolation 114 procedures. Beside species identification and antimicrobial resistance testing, the 115 recovered bacteria were subjected to molecular epidemiological classification 116 (phylogenetic, and multilocus sequence typing (MLST) of E. coli and VRE, spa-typing of 117 MRSA) and determination of the genetic basis of the β-lactam, carbapenem-and 118 mobilizable colistin resistance. Data were used for comparison of the content of target 119 bacteria in waters obtained from different slaughtering steps. Based on the results the 120 impact of clinically relevant bacteria released into the environment by insufficient 121 wastewater management was assessed. 122 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from 9 S2) and water samples applying by pre-cleaning of the stunning facilities were collected 146 by catching runoffs. In general, all pre-cleaning steps were conducted without using 147 cleaning and disinfection agents. Water samples from cleaning of poultry transport crates 148 and scalding water were taken by immersion of sterile sampling bottles into the sump of 149 the crate washing facility and the scalder tank, respectively. Process water during 150 evisceration was collected as runoffs from eviscerators in operation. Aggregate 151 wastewater from production facilities (only S1) was taken by immersion of sterile 152 sampling bottles into mixing and homogenization containers after the wastewater had run 153 through a mechanical deposition. The samples of influent and effluent of in-house 154
WWTPs were taken as qualified samples according to the German standard methods for 155 the examination of water, wastewater and sludge (DIN 38402-11:2009-02) (46). The 156 samples were labeled and transported to the laboratory cooled in a Styrofoam box at 157 5±2°C. To get rid of coarse particles (e.g. bedding, feathers), they were manually filtered 158 using stomacher strainer bags with tissue filter (pore size 0.5 mm, VWR, Radnor, PA, 159 USA) and afterwards subjected to cultivation within 24 h after sampling. 160
Cultivation and identification of antimicrobial-resistant target bacteria 161
Water samples were screened for Gram-negative ESBL-producing bacteria of the 162 
Antimicrobial susceptibility testing 207
Gram-negative bacteria were tested against 17 antimicrobials or antimicrobial 208 combinations by microdilution method according to protocols of the European 209 For spa-typing of MRSA isolates, the Staphylococcus protein A repeat region was 251 amplified and sequenced as previously described (62) . spa-types were predicted using the 252 SpaServer Ridom software (http://www.spaserver.ridom.de). Vancomycin-resistant 253 enterococci were screened for vanA, vanB, vanC1 and vanC2 genes by multiplex PCR 254 assay as previously described (63) and MLST typed using the method of Homan (64). 255
Sequence data was analyzed using PubMLST (https://pubmlst.org/efaecium). 256 on February 20, 2020 by guest http://aem.asm.org/
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Results 257
Clinically relevant resistant bacteria were detected in the majority of the 258 investigated samples 259
Within this study, 41 samples were collected from the individual slaughterhouses S1 and 260 S2 at seven sampling points: transport trucks (only S2, n=5), transport crates (each n=5), 261 stunning facilities (each n=5), scalding water (each n=5), eviscerators (each n=5), 262 production facilities (only S1, n=5), influent (each n=8) and effluent (each n=8) of the in-263 house WWTPs. Further information on the sampling campaign dates is summarized in 264 Table S1 . 265
Overall, 92.7% (n=38) and 80.5% (n=33) of the samples from S1 and S2, respectively, 266
were positive for at least one of the ESKAPE-target bacteria or ESBL-producing E. coli 267 ( Fig. 1 ). Detailed information about the proportion of positive samples per detected 268 species at each sampling point in S1 and S2 is given in Table S1 . 269
Escherichia coli (65.9%, n=27) and isolates of the ACB-complex (63.4%, n=26) growing 270 on ESBL selection plates were detected in S1 at all seven sampling points (Fig. 2) . VRE 271 were detected only in one sample (2.4%) from cleaning of poultry transport crates, Fig.  272 2A. Interestingly, 75% of effluent samples (n=6) of the S1 WWTP were positive for 273 ACB-complex growing on ESBL agar plates, whereas ESBL-producing E. coli (25.0%, 274 n=2) and MRSA (12.5%, n=1) were detected less frequently (Table S1) . 275
Similar to slaughterhouse S1, isolates of the ACB-complex and E. coli were selected on 276 ESBL plates in 73.2% (n=30) and 63.4% (n=26) of S2, respectively. In contrast to S1, 277 ESBL-producing K. pneumoniae were detected in 41.5% (n=17) of S2 at six out of seven 278 sampling points ( Fig. 2B ). Furthermore, growth of Citrobacter spp. and P. aeruginosa 279 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from occurred sporadically in one sample (each 2.4%). Effluent samples of the S2 WWTP 280 were positive for ACB-complex isolates (75.0%, n=6), MRSA (62.5%, n=5), E. coli 281 (37.5%, n=3), K. pneumoniae (25.0%, n=2) and isolates (12.5%, n=1) of the E. cloacae-282 complex (Table S1 ). 283
Target bacteria exhibited a high diversity of antimicrobial resistance phenotypes 284
An overview on the antimicrobial resistance of the investigated target bacteria is 285 presented in Figure 3 . It has to be kept in mind, however, that the strains were isolated 286 from selective agar plates containing cephalosporins, oxacillin or vancomycin, therefore 287 susceptibility to the selective agents cannot be expected. 288
Almost all E. coli isolates (n=186) showed resistance to penicillins (piperacillin) and 3 rd 289 generation cephalosporins (cefotaxime, ceftazidime). The levels of 3MDRO resistant 290 against three antibiotics (i.e. piperacillin, ciprofloxacin and 3 rd generation cephalosporins) 291 were at 50.5% (S1, n=47/93) and 40.9% (S2, n=38/93). However, only one E. coli isolate 292 from S2 (1.1%, n=1) expressed resistance against ciprofloxacin, 3 rd generation 293 cephalosporins and piperacillin in combination with tazobactam. While 10.8% (S1, n=10) 294 and 8.6% (S2, n=8) of the isolates were resistant to colistin, all isolates were susceptible 295 to meropenem, imipenem and amikacin. 296
Similar to E. coli, almost all KEC isolates (Klebsiella spp., E. cloacae-complex, 297
Citrobacter spp., n=71) from slaughterhouse S1 (n=15) and S2 (n=56) showed resistance 298 against piperacillin and 3 rd generation cephalosporins. However, in comparison to the 299 E. coli isolates, the percentages of 3MDRO bacteria were higher in S1 (60.0%, n=9) and 300 S2 (67.9%, n=38). Furthermore, none of the KEC isolates from S1 and 19.6% of the S2 301 KEC (n=11) were resistant against ciprofloxacin, 3 rd generation cephalosporins and 302 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from piperacillin in combination with tazobactam. In contrast to S1, 17.9% (n=10) and 26.8% 303 (n=15) of KEC isolates from S2 exhibited resistance against tigecycline and 304 ceftolozan/tazobactam, respectively. Furthermore, 17.9% (n=10) of the KEC isolates 305 from S2 were resistant to colistin. 306 While all isolates of the A. calcoaceticus-baumannii-complex (ACB, n=153) from S1 and 307 S2 were resistant to cefotaxime (this species is considered intrinsically resistant to 308 cefotaxime, fosfomycin and trimethoprim according to EUCAST Expert Rules v. 3.1, 309 2016), their resistance levels against piperacillin (S1, 35.1%; S2, 31.6%) and ceftazidime 310 (S1, 4.3%; S2, 10.5%) were lower. The rates of 3MDRO were equally low at 2.6% (n=2). 311
A resistance against colistin was detected only in the ACB-complex isolates from S2 312 (6.6%, n=5). While all isolates were susceptible against imipenem, amikacin and 313 tigecycline, one isolate from S1 was meropenem-resistant. 314
AmpC β-lactamase production was detected only in some isolates exhibiting resistance 315 against combinations of β-lactam/β-lactamase inhibitor (S1, n=24; S2, n=42). Of these, 316 8.3% (n=2) were detected in the slaughterhouse S1 and 7.1% (n=3) in S2, representing 317 isolates of the ACB-complex (n=2) from S1 as well as isolates of the E. cloacae-complex 318 (n=2) and K. pneumoniae (n=1) from S2. 319
Antimicrobial resistance testing of MRSA (n=58) from S1 (n=25) and S2 (n=33) showed 320 that all isolates were resistant to oxacillin, ampicillin, penicillin G and cefoxitin. MRSA 321 from S2 showed high rates of resistance to erythromycin (90.9%) and 322 erythromycin/clindamycin (87.9%). Furthermore, almost all MRSA from S2 (87.9%, 323 n=29) were resistant to moxifloxacin, whereas the percentage of such resistance among 324 the isolates from S1 was 8.0% (n=2). 325 on February 20, 2020 by guest http://aem.asm.org/
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The single VRE isolate from S1 was identified as E. faecium and was determined to be 326 resistant against oxacillin, penicillin G, gentamycin, clindamycin, daptomycin, 327 erythromycin, vancomycin, combination of erythromycin and clindamycin as well as 328 cefoxitin. 329
Information on antimicrobial resistance patterns of individual isolates is given in 330 Table S2 . 331
Characterization of β-lactamase genes (bla ESBL and carbapenemase genes) 332
ESBL E. coli (n=186), K. pneumoniae (n=51), the E. cloacae-complex (n=19) and 333
Citrobacter spp. (n=1) were screened for the presence of bla-genes of the enzymes SHV, 334 TEM and CTX-M. 335
Among 93 E. coli from slaughterhouse S1, the most common gene was bla TEM (51.6%, 336 n=48), followed by bla CTX-M (33.3%, n=31) and bla SHV (15.1%, n=45). Further analysis 337 revealed following subtypes TEM-116, TEM-52c and TEM-1. Among CTX-M positive 338 isolates, the subtypes CTX-M-15 and CTX-M-1 were identified. bla SHV -carrying isolates 339 exhibit the variants SHV-12 and SHV-2a ( Fig. 4) . 340
Similar to the E. coli isolates from S1, bla TEM (46.2%, n=43/93) was the most frequent 341 gene among the E. coli isolates from S2, followed by bla CTX-M (29.0%, n=27) and bla SHV 342 (24.7%, n=23). Further sequencing revealed that TEM-52, CTX-M-1, SHV-12 and TEM-343 116 were present in the vast majority of the isolates (81.5%). The minority of bla 344 subtypes (18.5%) were represented by TEM-1, CTX-M-15, SHV-2, SHV-2a as well as 345 SHV-38 and TEM-20 ( Fig. 4) . 346
The majority of the isolates of the E. cloacae-complex (84.2%, n=16/19) were negative 347 for the tested ESBL genes. Only two isolates from S1 (33.3%) and one from S2 (7.7%) 348
on February 20, 2020 by guest http://aem.asm.org/ Downloaded from carried bla SHV-12 . Among bla ESBL genes of K. pneumoniae from slaughterhouse S1 (n=8), 349 SHV-2 was produced by 50.0% of the isolates, followed by SHV-28 (25.0%), SHV-27 350 and SHV-1 (each 12.5%). Similar to the S1 isolates, the ESBL genotype of negative for the tested carbapenemase genes in the molecular screening. However, we 358 found two isolates of the ACB-complex (2.6%) from S1 that were positive-tested for 359 bla PER and bla GES . 360
Among isolates from S1, resistance to colistin was observed only in E. coli (10.8%, 361 n=10), while in S2, isolates of E. coli (8.6%, n=8), K. pneumoniae (14.0%, n=6), the 362 E. cloacae-complex (33.3%, n=4), the ACB-complex (6.5%, n=5) and P. aeruginosa 363 (n=2) were detected. Among colistin-resistant E. coli isolates from S1 and S2, 80% (n=8) 364 and 62.5% (n=5), respectively, carried the molilizable colistin resistance gene 365 mcr-1. Beside E. coli, mcr-1 was also detected in 50% of the K. pneumoniae (n=3). 366
Sanger sequencing of mcr-1 amplicons revealed that all analyzed isolates exhibited the 367 mcr-1.1. 368
Phylogenetic and MLST-typing of E. coli confirmed that the isolates mainly belong 369
to the commensal bacteria 370 on February 20, 2020 by guest http://aem.asm.org/
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The majority of E. coli from slaughterhouse S1 (67.7%, n=63) belonged to the 371 phylogroups C (34.4%, n=32) and B1 (33.3%, n=31), which are mainly represented by 372 commensal isolates. The less abundant phylogenetic groups of the E. coli isolates from 373 S1 are A (8.6%, n=8), E (4.3%, n=4) and F (3.2%, n=3). The virulence-associated groups 374 B2 and D were represented by 14.0% (n=13) and 2.2% (n=2) of the isolates, respectively. 375
These isolates mainly originated from cleaning samples of eviscerators and aggregate 376 wastewaters from the production facilities (each 33.3%, n=5), but also from the influent 377 of the in-house WWTP (20.0%, n=3) as well as from cleaning samples of poultry 378 transport crates and effluent of the in-house WWTP (13.4%, n=2). The rate of 3MDRO 379 resistance among ExPEC isolates (26.7%, n=4) was lower in comparison to overall 380 3MDRO resistance level among ESBL-producing E. coli from S1 (50.5%, n=47). The 381 large majority of the B2 isolates (84.6%, n=11) carried bla SHV-12 , whereas the remaining 382 B2 isolates and D isolates harbored bla TEM-52c (each 15.4%, n=2). 383
Similar to E. coli isolates from S1, one of the most predominant phylogenetic groups 384 among the S2 E. coli was B1 (36.6%, n=34). The phylogroups A and C exhibited equal 385 proportions of 17.2% (n=16), followed by group E and F (each 14.0%, n=13). One isolate 386 recovered from the effluent of the in-house WWTP belonged to group D (1.1%) and no 387 isolates of group B2 were detected. 388
MLST was performed on isolates (i) belonging to phylogenetic groups B2 and D (n=16), 389 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from MLST-typing of E. coli from phylogroups B2 and D (S1, n=15) revealed that ST4994 394 was the most predominant sequence type among group B2 isolates (84.6%, n=11). Other 395 individual isolates were classified as ST135 (n=1) or belong to a yet unknown sequence 396 type (n=1). Among isolates of the phylogroup D (n=2, bla TEM-52c ) the sequence types 397 ST69 and ST648 were detected. Isolates recovered from the effluent of the WWTPs 398 (n=6) were assigned to ST361 (n=2/6, group C, bla CTX-M-15 ), whereas the remaining 399 isolates (n=4) exhibited yet unassigned types. Among the E. coli isolates carrying bla CTX-400 M genes with 3MDRO phenotype (n=19), ST361 (78.9%, n=15) was the most 401 predominant sequence type. Four isolates could not be allocated to previously reported 402
STs. 403
The isolate of the phylogroup D from S2 was assigned to ST117 and expressed Four further isolates from the in-house WWTP effluent (n=4/8) were assigned to ST10 405 (n=2/8, group A, bla TEM-52c and bla SHV-12 , respectively), ST101 (n=1/8, group B1, bla CTX-406 M-1 ) and ST212 (n=1/8, group B1, bla TEM-52 ), whereas three isolates had unassigned STs. 407
The E. coli isolates harboring bla CTX-M genes and expressing 3MDRO phenotype (n=15) 408 revealed ten different STs. Of the isolates, 60.0% (n=9) belonged to ST6617 (n=3), 409 ST1485 (n=2), ST4994 (n=2), ST5686 (n=2) and 40.0% (n=6) of them had not yet 410 assigned STs. Escherichia coli isolates with not assigned allelic profiles are shown in 411 Table S3 . 412
MRSA isolates from wastewater belong to the clonal complexes CC398 and CC9 413
MRSA isolates from S1 (n=25) and S2 (n=33) were allocated to six different spa-types. 414
Five of them were livestock-associated and belonged to the clonal complexes CC9 415 (t1430, t13177) and CC398 (t8588, t011, t034), whereas one isolate from S1 (4.0%) was 416 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from assigned to the health-care associated spa-type t045 of the CC5. It was isolated from the 417 aggregated wastewater of the production facilities. The most predominant spa-type 418 among MRSA isolates from S1 was t034 (76.0%, n=19), followed by t011 (12.0%, n=3) 419 and t8588 (8.0%, n=2). Of the MRSA strains from the slaughterhouse S2, 75.8% (n=25) 420 belonged to spa-type t1430, whereas 24.2% were assigned to spa-types t034 and t13177 421 (each 12.1%, n=4). 422
Vancomycin-resistant enterococci 423
The vancomycin-resistant E. faecium isolate was allocated to ST1249 and carried the 424 In general, ESBL-producing E. coli of this study showed higher resistance rates to 485 fluoroquinolones than the isolates from retail chicken meat (20.8%) reported by Casella 486 (82). The increased fluoroquinolone resistance rate in isolates of this study may be caused 487 by the use of enrofloxacin in slaughtered broiler herds. However, reliable data on the use 488 of fluoroquinolones in the flocks are lacking. 489
While the majority of the isolates could be epidemiologically linked to poultry, some of 490 the determined sequence types/clonal lineages are also attributed as high risk clones (i.e. 491 ST69, ST10, ST648 and ST117) emerging in human infections in different countries (39, 492 83, 84). Isolates belonging to ST69, ST10 and ST212 were detected in cleaning of 493 transport crates and effluents of the WWTPs. In general, E. coli of these sequence types 494 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from are high risk clones that have been isolated from broilers and poultry meat (85) as well as 495 from various patients with infections in different countries (84). Previously, ST212 496 E. coli were identified as enterotoxigenic Escherichia coli (ETEC) that have been 497 recovered from surface water, pigs, broilers and humans (86, 87). 498
In this study, the majority of the ESBL-producing E. coli exhibited genes that are coding 499 for CTX-M-1, TEM-116, TEM-52 and SHV-12 β-lactamases. These enzymes have 500 already been reported in isolates of poultry and humans (19, 88). Among our isolates, 501 bla CTX-M-1 belongs to the most abundant determinants in ESBL-producing E. coli, which 502 correlates well with prevalence data for bla CTX-M-1 (18.0-69.0%) in isolates from chickens 503 and chicken meat in Germany (89, 90) . Similar to other studies, E. coli isolates carrying 504 bla SHV-2 , bla SHV-2a and bla TEM-20 were only sporadically detected in chicken and retail 505 chicken meat (91, 92). In contrast to other studies from Germany and the Netherlands 506 (89, 93, 94) , where low percentages (0.0-5.2%) of bla CTX-M-15 -producing E. coli in 507 chickens and poultry products have been identified, 12.2% of the ESBL-producing E. coli 508 from wastewater of slaughterhouse S1 carried this gene. This may be due to a possible 509 acquisition of bla CTX-M-15 plasmids from human strains, as it has been already shown for 510 animal E. coli strains in the UK (95). CTX-M-15 is one of the most frequently 511 encountered ESBL-enzymes in human clinical isolates of various countries (96). Partially 512 it is due to the clonal spread and predominance of a subset of ExPEC lineages in the 513 human field that are commonly associated with bla CTX-M genes (particularly with bla CTX-514 M-15 ), e.g. ST131, ST69 and ST10 (39, 97). However, the abundance of such ExPEC 515 clones in poultry production in Germany is moderate and often they are associated with 516 pAmpC rather than bla CTX-M (78). In this context, the transfer of bla CTX-M-15 in E. coli by 517 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from mobile genetic elements between humans, livestock and the environment through the 518 food chain (98) and occupational exposure (99) may play a primary role. 519
In previous studies ESBL-producing K. pneumoniae were only sporadically identified in 520 German broilers during slaughter (100, 101), whereas in this study, 63.4% of the samples 521 throughout almost all sampling points in S2 tested positive-for K. pneumoniae. In 522 contrast to samples from S2, only 7.3% of the samples of S1 exhibited K. pneumoniae. 523
These different proportions might be caused by the content of colonized flocks that were 524 supplied by different fattening farms. Taking into consideration that there are only a few 525 breeding companies and hatcheries in Germany, a vertical transmission through the 526 production chain cannot be excluded. Moreover, the majority of the K. pneumoniae 527 isolates carried bla SHV-2 , which has also been frequently found in isolates from egg shells, Unlike the other LA-MRSA, these isolates carried genes coding for major staphylococcal 580 enterotoxins that may cause toxic shock-like syndromes and implicate food poisoning 581 (126). 582
The antibiotic resistance patterns of MRSA isolates in this study are similar to that of 583 Rosenberg Goldstein et al. 2012 (12). However, the observed differences between 584 isolates from S1 and S2 may be due to distinct prevalent clonal lineages detected in the 585 two slaughterhouses. In another study (122), 95.0% of t1430 and only 11.5% of t034 586 on February 20, 2020 by guest http://aem.asm.org/ Downloaded from MRSA were resistant to ciprofloxacin, while these were the most predominant spa-types 587 in MRSA isolates from S1 and S2. It has been postulated that t1430 is a poultry-588 associated MRSA type (122) and that its high resistance against moxifloxacin might be 589 due to the usage of (fluoro)quinolones in the poultry industry. 
